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The Gull-billed Tern is a cosmopolitan species (Cramp, 1 985),  whose feeding 
habits have been studied in parts of its breeding range (Costa, 1 984, see Cramp 
1 985  for earlier studies ; Cabo & Sanchez, 1 986 ; Quinn & Wiggins, 1 990 ; Sanchez
et al. , in press and pers . comm.) .  The studies in the eastern part of the species' 
range were carried out in USSR (see M0ller, 1 982), but none were done in the 
eastern Mediterranean . 
The main purpose of this paper is to describe the feeding habits of Gull-bi lied 
Tems in Greece and, by putting these results within the context of available 
information, to critically examine sorne problems related to the trophic diversity 
of Gull-billed Tems. 
STUDY AREAS AND METHODS 
This study of Gull-billed Tems in Greece took place in three areas : 
1 )  The Evros Delta (40° 47' N, 26° 05' E) . This delta is a Ramsar wetland and 
includes a great variety of habitats (Britton & Hafner, 1 978 ; Goutner &
Kazantzidis, 1 989) .  In 1 985  and 1 986 the Gull-billed Tern colonies were situated 
in the lower delta (i .e .  the seaward portion), in the Drana lagoon (see Goutner 
1 987 for description of the breeding area), but due to the drainage of this lagoon 
by local people in 1 987 (Goutner & Jerrentrup, 1 987), the colony shifted to a
coastal islet's bare sand beach. 
2) Alyki Kitrous (thereafter Alyki) (40° 2 1 '  N, 22° 38 '  E) . This area is
situated along the west coast and at the mouth of the Gulf of Thessaloniki 
(Fig. 1 ) .  lt is made up of a lagoon with islets covered with halophytic vegetation 
in its southern part ; there are saltworks in its northern and south-western parts, 
and heaths and law sand dunes separate the lagoon from the sea (for a detailed 
description see Stubbs et al. , 1 9 8 1  ). The a rea is of particular interest for 
herpetologists (Stubbs et al. , 1 98 1 ,  1 985) and ornithologists (Goutner, 1 986 ; 
Papakostas, 1 990) but it is still unprotected. 
Small colonies of Gull-billed Tems occurred in the area from 1 985 to 1 989, 
but pellets were collected only in 1 989, when two colonies were established about 
500 rn apart from each other (a colony was defined according to Erwin et al. ,
1 9 8 1 ) .  One was established on a small islet, and the other on a saline dike, both 
on bare sandy-muddy substrates. 
3) The Messolonghi wetlands (38° 20' N, 21 ° 20' E) . This is a large area
extending over 28 000 ha included in the Greek Ramsar wetlands.  They con tain a 
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Figure 1. � Map of Greece where each study area is indicated by a circle. 
great variety of habitats (Szijj , 1 983) including extensive shallow lagoons. A
colony of at least 83 pairs of Gull-billed terns was located in 1 989 on a 
vegetation-free dike of the saltworks (Pergantis et al. , in press) . 
Regurgitated pellets were collected during the incubation and/or early chick 
stage : in the Evros Delta pellets were collected on the following dates ; 06.VI and 
l l .VI . l 985 ,  08.VI . l 986 and 1 3 .VI . 1 987 .  At Alyki, collection dates were 2 1 .VI and 
22.VI . 1 989, and in Messolonghi 07- l l .VI . 1 989.  Sorne of the insect material was 
identified in the Entomological Department of the Museum of Natural History in 
Prague. Other material was identified by the author and other specialists in the 
Laboratory of Zoology, University of Thessaloniki, using reference books and 
reference collections. 
Various authors have used indices of diversity to describe the frequency of 
various items in the diet of Gull-billed Terns. M0ller ( 1 977, 1 982), Vargas et al.
( 1 978), Costa ( 1 984), Cabo & Sanchez ( 1 986) ,  and Sanchez & Blasco ( 1 986) used
either the Shannon-Wiener index H' (Shannon & Weaver, 1 963) or an equivalent
index proposed by Lloyd & Ghelardi ( 1 964), to estimate the « trophic diversity ».
Ali of them (also Quinn & Wiggins, 1 990), a part from Costa ( 1 984) and Sanchez
& Blasco ( 1 986), used H' to estimate the « Niche Breadth » B = exp H'  (MacAr­
thur, 1 969) . 
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To help comparisons with the above mentioned studies 1 also used the same 
diversity indices. 1 considered the following systematic categories (classes) as 
groups : Insecta, Bivalvia, Crustacea, Arachnida, Osteichthyes, Amphibia, Repti­
lia, A ves, Mammalia.  
To facilitate comparisons with my study area 1 also used the equitability 
index (evenness) proposed by Atalato ( 1 98 1 ) : 
where N2 = 1 /Lp1
2 and N 1  = expH' (antilogarithmic Shannon's entropy) . This
index has been considered as more precise than other relative indices when species 
diversity (and in this case trop hic diversity) is low (Atalato, 1 98 1  ) .  
RESULTS 
l .  PREY TYPE
1 . 1 .  Evros Delta
Insects were the most important food of Gull-billed Terns in the Evros Delta 
during ali our study years . Coleoptera were numerically most abundant and 
Pentodon spp. were the commonest prey-species at least in 1 985 and 1 986 
(Table 1). Other beetles were represented in the diet of Gull-billed Terns in 
moderate to low proportions (Curculionidae and Carabidae), whereas the other 
beetles were scarce. Orthoptera and Hymenoptera were of moderate abundance 
and, especially the former, increased numerically throughout the study years. 
Other insect groups were represented in low proportions in the diet. Non-insect 
taxa (Bivalves, Crustaceans, Fishes, Anurans, Reptiles, and Mammals) occurred 
in generally low proportions. In most prey groups, especially insects, various 
subcategories changed considerably in composition and/or abundance over the 
years. 
TABLE 1 
Gull-bi/led Tern prey types in the Evros Delta from 1985 to 1987. 
Figures are percentages of total items examined per year (A), and percentages of occurrence of each 
item in each pellet sample (8).
1 985 1986 1987 
Total items examined N = 489 N = 57 N = 806 
Number of pellets collected N = 90 N = 1 4  N = 1 32 
A B A B A B 
INSECTA 96.7 98.9 86.0 62. 3 84.6 8 1 .8 
Coleoptera 92.4 95.5 64.9 42.8 40.2 55 .3 
Scarabaeidae 86.5 95.5 45.6 28.6 1 3 .8 24.2 
Pentodon idiota 3 1 .9 36.7 33 .3  2 1 .4 1 3 .4 22.7 
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1 985  1 986 1 987 
Total items examined N = 489 N = 57 N = 806 
Number of pellets collected N = 90 N = 1 4  N = 1 32 
A B A B A B 
Pentodon sp. 39.7 42.2 0. 1 0.8 
AU Pentoton spp. 7 1 .6 78 .9 33 . 3  2 1 .4 1 3 . 5  23.5 
Anoxia sp. 14 .3  20.0 1 2 . 3  7 . 1 
Anisop/ia sp. 0.2 1 . 1  
Oryctes nasicornis 0.2 1 . 1  
Other Scarabaeidae 0.2 1 . 1  0 .3  0 .7  
Curculionidae 5 .3  3 .3  12 .3  2 1 .4 1 8 . 1 28.0 
Carabidae 0.4 2.2 7.0 7 . 1 7 . 1 1 8 .9 
Cicindela sp. 0. 1 0.8 
Calosoma sycophanta 0. 1 0.8 
Other Carabidae spp. 6.9 1 7.3 
Tenebrionidae 0.2 1 . 1  
Buprestidae 0.4 0.8 
Dytiscidae 0.5  0.8 
Ilibius sp. 0.5  0.8 
Unidentified Coleoptera 0.4 0.8 
Orthoptera 4.3 1 3 . 3  10 . 5  35 .7  28 . 3  54.5 
Ensifera 4. 1 1 2.2  8 . 8  2 1 .4 1 2. 1  26.5 
Gryllotalpa gr y/lota/pa 3 . 1  1 1 . 1  7 .0 14 . 3 10 . 5 24.2 
Other Ensifera 1 .0 1 . 1  1 . 7 7 . 1 1 .6 2.3 
Caelifera 0.2 1 . 1  1 . 7 7 . 1  1 6.0 30.3 
Unidentified Orthoptera 0. 1 0.8 
Hymenoptera 10 . 5  1 . 1  1 3 .0 3.0 
Formicoidea 10 . 5  1 . 1  
Formicidae 5 .3  2.3 
Myrmicinae 7 .7 0 .7  
Dermaptera 1 .6 3.0 
Diptera 1 . 5  3.0 
Asilidae 1 . 5 3.0 
CRUSTACEA 0.4 2.2 9 .5  26.5 
Carcinus aestuarii 0.2 1 . 1  8 . 7  22.0 
Carcinus sp. 0.2 1 . 1  0 .5  2.2 
All Cardinus spp. 0.4 2.2 9.2 24.2 
Unidentified Crustacea 0.3 2 .3 
AMPHIBIA 2.4 1 3 . 3  1 4.0 42.8 4. 1 1 6.7 
Anura 2.4 1 3 . 3  1 4.0 42.8 4. 1 1 6.7 
Ranidae 5 .3  2 1 .4 0.4 2.3 
Rana sp. 0.4 2.3 
Other Anura 8 .7  2 1 .4 3 . 7  14.4 
REPTILIA 0.6 3.8 
Sauria 0.6 3.8 
BIVALVIA 0.5  3.0 
OSTEICHTHYES 0.2 1 .5 
MAMMALIA 0.4 2 .2 0.2 1 .5 
Soricidae 0.2 1 . 1  
Apodemus sp. 0.2 1 . 1  
Unidentified Vertebrata 0. 1 0.8 
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1 .2 .  Alyki
In the two A1yki colonies insects were also the most important prey making 
up to 97 .4 % and 98 . 5  % of the total food items respectively found in ali pellets 
collected (Table Il) .  In both colonies Orthoptera were numerically the most 
abundant (Table 11). However the relative abundance and composition of prey 
varied considerably between colonies . Orthoptera and Coleoptera differed signi­
ficantly in numbers between colonies (x2 = 27. 1 7  and x2 = 30.04, P < 0.00 1 ,
respective1y) . Prey other than insects were minor components of the Gull-bill 
Tems' diet at A1yki . 
TABLE Il 
Gull-bi/led Tern prey types at two colonies in A lyki, 1989. 
Figures are percentages of total items examined per year (A), and percentages of occurrence of each 
item in each pellet sample (B). 
Colony 1 Colony 2 
Total items examined N = 228 N = 124 
Number of pellets collected N = 3 1  N = 23 
A B A B 
INSECTA 97.4 100 98 .5  100 
Orthoptera 64.9 74.0 90.3 9 1 .3 
Ensi fera 50.0 7 1 .0 90.3 9 1 .3 
G. gryllota/pa 2.6 9.7 3.7 1 3 .0 
Other Ensifera 47.4 6 1 .3 86.6 86.9 
Caelifera 14.9 9.7 
Coleoptera 27.6 48.4 3 .7  1 7 .4 
Scarabaeidae 1 5 .8  32.2 2.2 1 3 .0 
Pentodon idiota 1 2.7  29.0 1 . 5  8 .7 
Melolonthinae 1 . 3  6.4 0.7 4.3 
Anoxia sp. 1 . 7  3 .2 
Carabidae 6.6 1 2.9 
Curcu1ionidae 4.4 1 2.9 
Si1phidae 0.4 3 .2 
Unidentified Co1eoptera 0.4 3 .2 0.7 4.3 
Odonata 3 . 1  3 .2 4.5 8 .7 
Hemiptera 
Hom optera 0.4 3 .2 
Hymenoptera 1 .3 6.4 
Ichneumonoidea 0.4 3.2 
Formicoidea 0.9 6.4 
BIVALVIA 0.9 6.4 1 .4 8 .7 
AMPHIBIA 0.4 3.2 
Anura 0.4 3 .2 
AYES 0.4 3 .2 
MAMMALIA 0.4 3.2 
Microtus sp. 0.4 3 .2 
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TABLE III 
Gull-bi/led Tern prey types at Messolonghi, 1989. 
Figures are percentages of total items examined (A) and percentages of occurrence of each item in each 
pellet sample (B). 
Total items Number of pellets 
examined collected 
N = 242 N = 1 22 
A B 
INSECTA 39.2 55.7 
Orthoptera 16 . 5  1 5 .6 
Ensifera 7.0 1 1 . 5  
Gryllotalpa gryllotalpa 7.0 1 1 . 5 
Caelifera 7 .8  3 . 3  
Other Orthoptera 1 .6 3 . 3  
Coleoptera 1 3 .6 24.6 
Carabidae 7.0 12 . 3  
Scarabaeidae 1 .6 3 . 3  
Pentodon sp. 1 .6 3 . 3  
Curculionidae 1 .2 1 .6 
Chrysomelidae 0.4 0.8 
Other Coleoptera 3 . 3  6 .5  
Lepidoptera 7.4 14.7 
Unidentified lnsecta 1 .6 3 . 3  
ARACHNIDA 0.4 0.8 
Araneae (Lycosidae) 0.4 0 .8 
CRUSTACEA 53 .3  55 .7  
Carcinus aestuarii 6.2 4.9 
Carcinus sp. 47. 1 50.8 
AMPHIBIA 5 .8  4.9 
Anura 5 .8  4 .9  
Ranidae (Rana sp.) 0.4 0 .8 
Other Anura 5 .4 4. 1 
OSTEICHTHYES 1 .2 2.4 
Syngnathus sp. 0.4 0 .8  
Be/one be/one 0.4 0.8 
Other Osteichthyes 0.4 0 .8 
1 . 3 .  Messolonghi
Crabs (Carcinus sp.) constituted more than half of the prey items in the 
Messolonghi wetland colony, while insects were next in frequency, 39 % of the 
total (Table III, see also Pergantis et al. in press, for a preliminary analysis of the 
data) . Orthoptera and Coleoptera were the most abundant insect groups in the 
diet. Other items (Arachnids, Fishes and Anurans) were much Jess numerous. 
2 . TROPHIC DIVERSITY
During the following analysis on! y the Shannon-Wiener index values were 
used, as being more useful in such situations. 
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In the Evros Delta, the trophic diversity values differed considerably among 
study years, increasing from 1 98 5  to 1 987.  The evenness values also increased 
throughout the study (Table IV), although the high 1 986 value might have been 
due to the small size of the sample . The trophic diversity values were similar in the 
two Alyki colonies, and results for the Messolonghi region provided the highest 
diversity values obtained in this study. 
TABLE IV 
Trophic Diversity of Gull-bi/led Tern food in Gree ce. 
H' is the Shannon-Wiener Index (Shannon and Weaver 1 963) ; H is the Diversity Index of Lloyd and 
Ghe1ardi ( 1 964) ; B is the Niche Breadth (B = expH') ; and F is the Equitabi1ity Index (Evenness, 
Ata1ato, 1 98 1 ). 
A rea Year H' H B F 
Evros Delta 1 98 5  0. 1 7 0.24 1 . 1 8  0.37 
1 986 0.40 0.58 1 . 50 0.64 
1 987 0.58 0.85 1 .79 0.47 
Alyki, col. 1 1 989 0 . 14  0.23 1 . 1 5  0.36 
col. 2 0. 12 0.20 1 . 1 3  0.35 
Messolonghi 1 989 0.83 1 . 36 2.29 0.98 
DISCUSSION 
The data presented here relate to different areas of Greece and were, in part, 
assembled during different years ; therefore direct comparisons may not be always 
meaningful . 
Although the majority of the food items in the Evros Delta were insects, there 
were considerable yearly variations in the proportions of particular insect groups. 
Pentodon spp. dominated among beetle prey at !east in 1 985 ,  suggesting a 
specialization (perhaps due to a superabundance of Pentodon), but this became 
Jess obvious throughout the study period as suggested by the evenness values 
(Table IV) . The material for diet analysis was collected each year during a limited 
period in June, and the variations observed do not forcibly imply seasonal 
differences in food abundance. These differences in food diversity may suggest 
year-to-year changes in prey availability. This may have been due to the dramatic 
habitat changes which took place in the Evros Delta during our study (Goutner 
& Jerrentrup, 1 987  and pers. obs.) ,  and such changes may have affected the
feeding ecolo gy of Gull-billed Tems.  Furthermore, in the Evros Delta, part of the 
tem population moves for feeding in the Turkish territory, 5-6 km away from the 
colony sites (Goutner 1 986 and this study), and it is impossible to locate ali the 
foraging areas of the birds and their possible modifications with time. In a similar 
Mediterranean wetland the average foraging distance of Gull-billed Tems was 
9 . 3  km (Fasola & Bogliani, 1 990) .
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In the two Alyki colonies, just 0 . 5  km apart, the birds fed on different insect 
prey. This suggests a differentiai exploitation of the available feeding habitats by 
the members of each colony. In a similar situation in Spain, Costa ( 1 986) 
suggested that these differences were due to differences in the nature of the 
environment exploited by each colony. 
In contrast to the Evros Delta and Alyki, crabs (Carcinus sp.) dominated in 
the diet of Gull-billed Tems at Messolonghi. This can be due to the abundance of 
this kind of prey, which thrives in the large shallow lagoons that co ver 1 6  400 ha, 
i.e. about 66 % of the total surface of this wetland area (Pergantis, 1 988) .
Previous studies suggest that Gull-billed Tems seem to be more generalists at 
northem latitudes and specialists further south (Meller, 1 977, 1 982). This 
hypothesis seems to hold true if we consider M0ller's data only, the highest index 
value being that for Denmark and the lowest that for Spain (Meller, 1 982). 
However, more recent studies show that although insects are the most important 
prey in southem latitudes, the Gull-billed Tems seem, at !east on sorne occasions, 
not to specialize as suggested. Niche breadth values found in the southem areas 
(Table V) are much higher than expected by M0ller's hypothesis .  This is 
characteristic of e.g. the Camargue, where a recent niche bread th value (Table V) 
exceeded those given by M0ller ( 1 977) for the same Camargue and for Denmark. 
lt should be noted that in ail food studies of Gull-billed Tems (Quinn &
Wiggins, 1 990, excepted) Niche Breadth values were calculated without distin­
guishing pellet samples collected at different times within the breeding season. 
Additionally, ail studies seem to have been carried out within a single year ; there 
is no mention in the literature of year-to-year dietary differences. However, diet 
changes within a same breeding season and a same region (see Cramp, 1 985 ; 
Cabo & Sanchez, 1 986 ; Sanchez, pers . comm.), and also between years in a same
region (this study and Table V for other regions) do occur. Therefore it is not 
surprising that niche breadth varies for different periods of the same season, 
and/or in different years, or for different colonies breeding simultaneously within 
the same region. Consequently, the methodology used up to now may not give a 
representative picture of the trop hic diversity for sorne regions. If our study in the 
Evros Delta had been carried out only in 1 985 ,  the results would have « shown » 
that Gull-billed Tems were true specialists, but 1 98 5  was an exception as the 
present study shows. 
Furthermore, there is no significant correlation between latitude and species 
diversity, or niche breadth values, either for ail the available values or for the 
highest within a single region only [For ail values : Rs Iatitude-H '  = 0. 30, P = 0.21 
NS, Rs latitude-s = 0.28, P = 0.24 NS.  For maximum values : Rs Iatitude-H'max = 
0.08, P = O. 79 NS, R. Iatitude-Bmax = 0.08, NS (Table V). R5 is the Spearman Rank 
Correlation Coefficient ; Zar, 1 984)] . 
Therefore it may be concluded that although a relationship between prey 
specialization and latitude in Gull-billed Tems may sometimes exist, the most 
recent evidence shows that it cannot be generalized. To begin with, trophic 
diversity must be studied throughout the whole breeding season because of 
possible shifts in the kinds of prey taken. One has also to establish wh ether or not 
different breeding pairs in a colony eat different prey at different periods of the 
same breeding season. Such studies have also to be carried out for a number of 





Trophic Diversity ( H') and Niche Breadth ( B) of Gull-billed Terns from studies throughout the ir bree ding range.
Data are ordered by latitude. Values with an asterisk were estimated by the author, using the same parameters than those used in the literature mentioned . 





Chernomorskii .  T JSSR ...,.uulln, U :SSR 
Camargue, France Camargue, France 
Evros Delta, Greece 1 985
1 986 
1 987 
Alyki, Greece 1989, colony 1 
co1ony 2 
Messolonghi, Greece, 1 989 
Guadalquivir, Spain, colony 1 
colony 2 
co1ony 3 
Fuente Piedra, Spain 
Fuente Piedra, Spain 
Afso, Morocco 
Co-ordinales 
57" 02' N, 09" 54' E 
46" 1 7' N. 32" 52' E 
45" 3 1 'N, 32" 36' E 
45" 05' N, 38" 03' E 
43" 20' N, 04" 38' E 
40" 47' N, 26" 05' E " " 
40" 2 1 '  N, 22" 38' E " , 
38" 20' N, 2 1 " 20' E 
37" 20' N, 06" 24' W , , 
36" 43' N, 04" 23' W , 








2. 1 1  
0. 1 7  (0.34) 
0.40 ( 1 .03) 
0.58 ( 1 . 56) 
0 . 14  (0.92) 
0. 1 2  (0.42) 
0 .83 ( 1 . 33) 
1 .80 
1 .25 





7 .09 M0ller 1 977 
1 2. 8 1 * M01ler, in Sanchez and Blasco 1 986 
4.6* M0ller 1982 
3.9* Meller 1 982 
2.2 M01ler 1982 
2.95 M0ller 1 977 
8.24* Walmsley et Johnson, in Sanchez and Blasco 1 986 
1 . 1 8 ( 1 .40) This study 
1 . 50 (2.80) This study 
1 .79 (4.76) This study 
1 . 1 5  (2.50) This study 
1 . 1 3  ( 1 . 52) This study 
2.29 (3 .78) This study 
6.05* Costa 1 984 
3 .49* Costa 1 984 
3 .93* Costa 1 984 
1 .42 Vargas et al. , 1 978 
Sanchez and Blasco 1 986 6. 1 7* 
Cabo and Sanchez 1 986 2.67 
observations of prey brought to the nestlings (e .g .  Quinn & Wiggins, 1 990) . One
must not forget also that sorne prey do not leave identifiable remains in the pellets 
(Duffy & Jackson, 1986).
On the basis of the existing evidence, the trophic diversity of the Gull-billed 
Tern appears to be relative! y independent of latitude .  The flexibility of the feeding 
habits of the species suggests that it is able to adapt itself successfully to local 
changes in food availability. 
SUMMARY 
A study of the diet of Gull-billed Tems was carried out by analysis of 
regurgitated pellets during the breeding season in three Greek coastal wetlands : 
Evros Delta ( 1 985- 1 987), Alyki Kitrous ( 1 9 89) and Messolonghi ( 1 989) . In the 
Evros Delta, insects, especially Coleoptera, were the most important prey ; 
non-insect taxa (Bivalvia, Crustacea, Osteichthyes, Reptilia and Mammalia) were 
much less important. At Alyki, insects, especially Orthoptera, were the predomi­
nant prey whereas other prey items (Bivalvia, Amphibia, Aves, Mammalia) were 
of little importance. At Messolonghi, crabs (Carcinus sp.) were the prey most 
often consumed ; insects (mainly Orthoptera and Coleoptera) were less common 
in the diet and other prey types (Arachnida, Amphibia, Osteichthyes) were of 
minor importance. Trophic diversity indices differed between years in the Evros 
Delta. A brief review of the literature shows that, in contrast to what has been 
previously suggested, trophic diversity of Gull-billed Tems is independent of 
latitude. Methodological aspects are discussed in order to improve our knowledge 
of the feeding ecolo gy of Gull-billed Tems. 
RÉSUMÉ 
Le régime de la Sterne hanse! Gelochelidon nilotica a été étudié par analyse 
des pelotes de régurgitation dans trois zones humides de Grèce, le delta de l'Evros 
( 1 985-87) ,  Alyki Kitrous ( 1 989) et Messolonghi ( 1 989) . 
Dans la première localité, les insectes, et en particulier les Coléoptères, 
constituent les proies principales, les autres taxons (Mollusques bivalves, Crusta­
cés, Poissons téléostéens, Reptiles ,  Mammifères) n'ayant qu'une importance 
secondaire. A Alyki, ce sont les Orthoptères qui prédominent. A Messolonghi, les 
crabes arrivent en tête, suivis par les insectes (Orthoptères et Coléoptères 
principalement), puis les proies de moindre importance (Arachnides, Amphibiens, 
Poissons téléostéens) . 
Les indices de diversité trophique �arient d'une année à l'autre dans le delta 
de l 'Evros .  
Contrairement à ce qui a été suggéré antérieurement, la diversité du régime de 
la Sterne hanse! est indépendante de la latitude. 
ACKNOWlEDGEMENTS 
1 fee! obliged to Dr J. Jezek, J. Jelinek, D !. Kovar, Dr J .  Macek and Dr V.  Svihla (ali in the 
Entomological Department o f  the Museum of �tura! His tory in Prague) for help in the identification
- 382 -
of the insect material and to Dr A. Koukouras and Mr H. Arvanitidis (Department of Zoology, 
University of Thessaloniki) for help in the identification of crustaceans. 1 thank Mr S. Kazantzidis, 
Mr. G. Papakostas and C. Goutner for aid in the field and Mr P. Isenmann (C.N.R.S. ,  Montpellier), 
Dr J. S. Quinn (McMaster University, Ontario, Dr J.  M. Sanchez (Badajoz University, Spain), Dr 
D. Beaver (University of Michigan, U.S.A.)  and Dr T. Akriotis (Hellenic Bird Ringing Centre, 
Athens) as weil as the editor and the referees of the « Revue d'Ecologie (Terre et Vie) » for useful 
comments and linguistic corrections of the manuscript. 
REFERENCES 
ATALATO, R. ( 198 1 ) . - Problems in the measurement of evenness in ecology. Oikos, 37 : 199-204. 
BRITTON, R.H. & HAFNER, H. ( 1 978). - Proposais for nature conservation in the Evros Delta. 
Rapport, Station Biologique de la Tour du Valat, 66 pp. 
CABO, J .M.  & SANCHEZ, J .M .  ( 1 986). - Nouvelles données sur Gelochelidon nilotica au Maroc et sur 
son régime alimentaire. Alauda, 54 : 207-2 12 .  
COSTA, L. ( 1 984). - Alimentacion de la Pagaza piconegra (Gelochelidon nilotica) en las marismas del 
Gualdalquivir .  Doiiana, Acta Vertebrata, i i : 1 85-1 95.
CRAMP, S.  (ed.) ( 1 985) . - Handbook of the Birds of Europe, the Middle East and North A/rica. The 
Birds of the Western Palearctic. Vol. IV. Oxford University Press, Oxford. 
DUFFY, C.D.  & JACKSON, S. ( 1 986). - Diet studies of seabirds : a review of methods. Colonial 
Waterbirds, 9 :  1 - 1 7 .  
ERWIN, M . ,  GALL!, J .  & BURGER, J .  ( 1 98 1 ) . - Colony site dynamics and habitat use i n  Atlantic coast 
seabirds. Auk, 98 : 550-56 1 .  
FASO LA, M .  & BOGLIANI, G .  ( 1 990) . - Foraging ranges of an assemblage of Mediterranean seabirds. 
Colonial Waterbirds, 1 3  : 72-74. 
GOUTNER, V. ( 1 986). - Distribution, status and conservation of the Mediterranean Gull (Larus 
melanocephalus) in Greece in MEDMARAVIS & X. Monbailliu (eds) . Mediterranean Marine 
Avifauna : Population Studies and Conservation. Springer-Verlag, pp. 43 1 -447 . 
GOUTNER, V. ( 1 987). - Vegetation preferences by colonies of Mediterranean Gulls (Larus me/ano­
cephalus) and Gull-billed Terns (Gelochelidon nilotica) in the Evros Delta . Seevoge/, 8 :  29-3 1 .  
GOUTNER, V.  & JERRENTRUP, H.  ( 1 987). - The destruction o f  the Drana 1agoon in the Evros Delta 
Ramsar wetland and its consequences for waterfowl. WSG Bull. , 50 : 1 8- 1 9. 
GOUTNER, V. & KAZANTZIDIS, S. ( 1 989). - Evaluation of the relative importance of the zoning of the 
Evros Delta (Greece) for birds groups of special conservation interest. Acta Oeco/. , Oecol. 
App/ic . ,  1 0 : 365-378.  
LLOYD, M. & GHELARDI, R.J. ( 1 964). - A  table for calculating the « equitability » component of 
species diversity. J. Anim.  Eco/. , 33 : 2 1 7-225 .  
MACARTHUR, R.M.  ( 1 969). - Environmental factors affecting bird species diversity. Am.  Nat. ,  98 : 
387-397. 
M0LLER, A.P.  ( 1 977). - Sandternens Gelochelidon n. nilotica Gmei. fode i yegletinen i Nordjylland og 
Camargue, Frankrig, med en oversigt over fodeemner i ande dele af artens udbredelsesom­
rade. Dansk. orn . Foren. Tidsskr . ,  7 1 : 1 03- 1 1 1 .  
M0LLER, A.P.  ( 1 982). - Coloniality and colony structure in Gull-billed Terns Gelochelidon nilotica. 
J. Orn . ,  1 23 : 4 1 -53 .  
PAPAKOSTAS, G. ( 1 990) . - Evaluation of the ornithological importance of the Alyki Kitrous Pieria 
welland. B. Sc. Thesis, University of Thessaloniki, 1 74 pp. (in Greek). 
PERGANTIS, P.C. ( 1 988). - Study on the integrated management of coas ta/ wetlands in Western Greece. 
Comm. E.C. ,  Direct. Gen. Environ. ,  Cons. Protection & Nue!. Safety. Unpublished Report. 
PERGANTIS, P. ,  ÜOUTNER, V. ,  HANDRINOS, G. & AKRIOTIS, T. (in press). - The breeding status of 
the Gull-billed Tern (Gelochelidon nilotica) in western Greece. Biologia Gallo-he/lenica. 
QUINN, J .S .  & WIGGINS, D.A. ( 1 990). - Differences in prey delivered to chicks by individual
Gull-billed Terns. Colonial Waterbirds, 1 3 : 67-69. 
SANCHEZ, J .M.  & BLASCO, M. ( 1 986). - Biologia reproductora de Gelochelidon nilotica (Gm. 1 789) 
en el sur de la Peninsu1a lberica. Mise. Zoo/., 10 : 259-266. 
383 
SANCHEZ, J .M. , MUNOZ DEL VlEGO, A. & DE LA CRUZ, C. (in press) . - Segregacion alimentaria entre 
adultos y polios de Gelochelidon nilotica (Gm.,  1 789) en la laguna de Fuende de Piedra. 
Ardeola. 
SHANNON, C.E. & WEAVER, W. ( 1 963) . - The Mathematical Theory of Communication. University of 
Illinois Press, U rbana. 
SJIJJ, J .  (ed) ( 1 983) . - Okologischen Wertanalyse des Acheloos Deltas ( Westgriechenland) . University 
of Essen, Essen (Report). 
STUBBS, D., HAlLEY, A., TYLER, W. & PULFORD, E.  ( 1 98 1 ) . - Expedition to Greece 1980. University
of London, Natural History Society (Report) . 
STUBBS, D.,  SWlNGLAND, l .R. ,  HAlLEY, A. & PULFORD, E. ( 1 985).  - The ecology of the 
Mediterranean Tortoise Testudo hermanni in Northern Greece (the etfects of a catastrophe 
on population structure and density) . Biol. Conserv . ,  3 1  : 1 25- 1 32 .  
VARGAS, J .M. ,  ANTUNEZ, A. & BLASCO, M .  ( 1 978) . - El  comportamiento alimentario y reproductivo 
de la Pagaza piconegra en la laguna Fuente Piedra. Ardeola, 24 : 227-23 1 .  
ZAR, J .H.  ( 1 984) . - Biostatistical Analysis. Prentice Hall, Inc. ,  Englewood Clitfs, New Jer�ey. 
384 
